
Discussion. 
Mr. Hnyter. Mr. HARRISON EAYTER, President, said it was some time  since the 

Institution  had  brought before .it the subject of mining operations 
of the  nature of a  Paper. The members, therefore,  would be  glad 
to  have  the  subject reintroduced, and  that  by a description of one 
of the  largest  and most successful mines in   the world. He did not 
think  that it could have been dealt  with  in a more complete form, 
and  he hoped that  the  Paper would elicit a good discussion. He was 
sure it would  be the pleasure of the members to  return  their 
thanks to the  Authors for their descriptive, and  thoroughly prac- 
tical Paper. Unfortunately  they  both were  now in New South 
Wales, and it would  be necessary to discuss the  Paper  without 
them. 

Dr. Ball. Dr. E. J. BALL said he  had  not expected to  be called upon to  
open a discussion covering so wide  a field both in  mining  and 
metallurgy. On listening  to  the  Paper i t  appeared strange 
to  him,  as it no doubt  appeared  strange  to others, that so 
many processes had been introduced  for practically  the same 
purpose, namely,  the desilverization of the ores  mined by  the 
Broken Hill Company-processes which formed an epitome of the 
metallurgy of silver. No doubt those  ores were  very  varied  in 
their character. At  the same time i t  would seem that  the  large 
number of processes which  had been  suggested must  be  due  in 
some instances  to  individual idiosyncrasies, and  must  in  many 
cases have  represented a considerable waste of money. In the 
case, for instance, of the  lixiviation  plant, he assumed that  the 
original  idea for the erection of that  plant  lay  in a  desire to  treat 
ores of low grade;  but  when it came to  carrying  out  in  practice 
the  laboratory  experiments it was  found that  the process was  not 
suitable,  and  in  that  way it became necessary to  adopt an ad- 
ditional process, which in order  to  be economically successful 
would  necessitate the ore being of a higher grade. The amal- 
gamating  plant would no doubt be a success; but it might  be 
doubted whether  the  estimated costs, both in  the case of the 
lixiviation process and  in  that of the  amalgamating mill, would 
be  as low as those  mentioned in  the  Paper. As to  the  smelting 
processes, i t  had become a serious  problem to  determine a suitable 
method of treating  the complex ores, which were so intimate a 
mixture of galena, blende, and  silver ores that  the  original pro- 
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cesses which  were in common use were  incapable of effecting Dr. Call. 
an adequate  separation. He understood that Professor Schnabel 
suggested that a process should be adopted which  practically con- 
sisted in a roasting followed by leaching-much such a process as 
the one formerly in  use at  Freiberg, and still,  he believed, in 
successful use at  Clausthal. Whether, however, such a process 
would be successful at  the Broken Hill where the local conditions 
were so much more unfavourable, where  water  and labour  were 
dear, and fuel was also costly, was open to considerable doubt. 
Possibly, they  might  have  to look, for the successful treatment of 
those ores, to  some such process as dry separation. H6 understood 
that one such process had shown that it was possible to effect a 
very considerable separation, but  there  still remained a large pro- 
portion of a waste product, high  in zinc, in  silver, and  in lead, 
the  silver  appearing to follow not merely the lead, but also 
to pass away  with  the zinc. Possibly some form of preliminary 
roasting  might enabIe that  waste product  to be still  further treated. 
However that  might be, it was self-evident that whoever was en- 
trusted  with  the control of such a complex and important series 
of processes as  those  which  were in use at  the Broken Hill,  must 
not be simply a specialist, but  must  have a  wide  knowledge of the 
whole of the  art of metallurgy ; he should be  able  not simply  to 
employ a process but to adapt it to  the purpose for which it was 
required  under modified local conditions; he should  be  able  to 
invent as well; and, more than  that,  he should be able to prevent 
his  inventive faculties from being allowed too wide a scope a t  a 
time when large profits were being made, and when  the necessity 
for keeping down expenses to  the lowest possible minimum  was 
not SO apparent. 

statement of Dr. Ball  that  silver  frequently followed both lead and 
zinc. On a recent occasion he  had endeavoured to  learn1  whether  the 
metallurgists could not devise some way of saving  the  silver  which 
was in the  zinc  instead of letting a good deal of it go up the flue 
of the chimney. He had seen concentration  carried out  with  great 
success with ores poor in silver. When  he was buying some silver- 
lead ores from the Oezumatlan  mines  belonging to  the  British 
Consul-General in Mexico City  there was  exactly the same pro- 
portion of zinc as that  stated  in  the  Paper, 23 per cent. He  stated 
at   the time that  the ores were  unsuitable, and after concentration 
the product was only 2& per cent. of zinc. That was the case with 

Minutes of Proceedings Inst. C.E., vol. cxii. p. 185. 

&fr. W. W. WILLIAMS said that  his experience  concurred with  the Mr. Willianu. 

__ - 
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~ r .  Williams. galena ores which were poor in silver, but  when concentration 
was  tried  with ores that were rich  in silver, the  silver  kept  with 
the  zinc in  the same proportion as i t  kept  with  the lead. He hoped 
that some metallurgist would hit upon the means of treating  the 
zinciferous residue, thus  saving  the  silver and possibly also the zinc. 

Prof. Jamieson. Professor ANDREW JAMIESON said  that  the  Paper  gave a very 
accurate account of the rise and progress of the Broken Hill 
Mines, but  the  description  was so much of ap historical  nature 
that it left  very  little room for discussion. He had, however, 
handed  the  Paper  to  his colleague Professor Humbolt Sexton, 
who had fdvoured him  with some notes on the subject. That 
metallurgist  thought  that  the occurrence of “horses”  pointea 
to  the deposit being a true  vein,  and  not a mineralized belt 
as suggested. Professor Sexton  also observed that  “methods of 
treatment described  were no doubt  satisfactory for the class of 
ores that  had been found-the oxidized ores. But  the most 
interesting  and  important  metallurgical problem (the  treatment 
of the complex sulphides) had  barely been touched upon. This 
was a  problem of very  great  metallurgical  interest. Ores con- 
taining 32 per cent. of galena  and 35 per cent. of blende, could 
not be treated by the  usual processes. Dr. Schnabel, in  his  report 
last year, dealt  exhaustively  with  the  matter  as it then stood, but 
was  not  able to strongly recommend any process, except i n  so far 
as  saying  that some process must be used in  which  the  zinc  was 
removed before smelting.  The  recently suggested dry concen- 
tration process might do something  towards  working these  re- 
fractory ores, but most certainly it had  not  yet done so with 
sufficient profit.” As an  electrical  engineer  he (Professor Jamie- 
son) was more interested in the description of the  electric  lighting 
plant from which  he  gathered  that  twenty arc-lamps and seven 
hundred glow-lamps had cost $9,077-a price that  must  have 
afforded a very good profil to  the  man who supplied them. 
Although some captious critics  might say, on reading  the de- 
scription of this  installation,  that  the whole arrangement of the 
plant was antique;  still  when  they considered the  great  distance 
of the  mine from the makers of boilers, engines  and dynamos, 
they would  allow that  the  leading  feature  had  evidently been that 
of strength  and simplicity. It would be seen from the  de- 
scription, that  they  had five Lancashire boilers and three non- 
condensing horizontal engines.  Those  engines, moreover, were 
coupled to  three  sets of countershafts,  which  in  turn drove the 
dynamos by means of belts. But  the most extraordinary  feature 
was that  not  only were the dynamos duplicated  but each primary 
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dynamo as well as the duplicated dynamos had a spare  armature. Prof. Jamieson. 
The speaker then gave an account of the  starting of the Broken 
Hill mines in  1886 by his  brother  William Jamieson,  who had 
been the Government Mining  Surveyor of the  district.  He ex- 
plained how the  natural richness of the ore  enabled the  Pro- 
prietary Company  from the  very  start  to provide all  the necessary 
material  and  plant  without once making a call upon the  share- 
holders. Indeed, each of the  original fourteen  shares ultimately 
became worth upwards of Sl,OOO,OOO. 

Paper from a metallurgical point of view,  for, notwithstanding  the 
imposing dimensions that were given to the  smelting  furnace shown 
on the  diagram,  neither  the  metallurgy  nor  the  assaying  had  at- 
tained  anything  like  their  full development. No doubt  the direc- 
tors  had  very  great difficulties before them in  treating  the  material, 
one element of which, the  sulphide ore, contained no less than 23 
per cent. of zinc associated with 27 per  cent. of galena.  Those 
difficulties would no doubt be  overcome. The  astonishing richness 
of the deposit  was truly remarkable. There  was one point of very 
great  interest to  him, that connected with  the cost of producing 
silver. Some years ago (1887) he  gave evidence before the Gold 
and Silver Commission, then presided  over by Mr. A. J. Balfour. 
Taking  all  the  silver produce in  the world, he endeavoured  to 
estimate  the cost of production of the  silver  extracted by the 
several  known methods, and  he came to  the conclusion that 
the mean cost of [producing  silver is 18. 8d. per ounce. Silver 
might  in  certain cases  be extracted for a  few pence, but  the  silver 
which cost most to  extract  was  that obtained from lead by the 
ordinary methods of desilverization. He  put  the cost in  that  
case a t  2s. per ounce, and  he  found  in  the  Paper  that  the cost of 
producing and disposing of the  silver  in  the lead  for the  half 
year  ending 31st May, 1892, had been 2s. 3d. per ounce, or, allow- 
ing the profit on the lead to go to  the reduction of the cost of 
silver, the  net cost was 1s. load.  per ounce, including  capital expen- 
diture such  as plant  and development work. Combining those two 
figures, the  result was a sum  very  near indeed to  the cost of pro- 
ducing  silver from lead as he  had  stated i t  before the Royal Com- 
mission. The cost of the production of silver was  a matter of 
enormous importance  to the  bimetallists  in considering the vexed 
question of the establishment of a dual  standard. It was  a result 
extremely  interesting to  himself personally, but he dwelt upon it 
as  being one of the most generally  interesting points developed in 
the Paper, because they  had before them a deposit of enormous 

Professor ROBERTS-ATJSTEN said it was  not very easy to discuss the Prof. Roberts- 
Austen. 
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austen. 
Prof. Roberts- richness, which  had  already yielded no less than 58,000,000 ster- 

l ing,  and which  was  still  turning  out  silver  at  the  rate of 220,000 
ounces a week. Yet,  with  all these  advantages, the Broken Hill 
Company were not  able  to produce silver at  a cost lower than  the 
average elsewhere. 

Prof. Foster. Professor LE NEVE FOSTER congratulated  the  Institution upon 
having so lucid an account of such an interesting  district. It 
was one to  which  the  attention of miners in  the  country had been 
directed ever  since the  year 1887, when a very fine collection of 
" gossans " was shown at  the Colonial Exhibition. He  might  call 
attention  to  the analyses of ore in  the Appendix in which  the iron 
was  reported to  be in the  ferrous  state. Some of the analyses 
appeared  to him  to be incorrect. In the first analysis  the figures  added 
up  to 99 5 ,  and  yst  the lead  was put down in  the  metallic  state. I f  
allowance  were  made for its  being combined with some other 
element the  analysis would come out too high. Again, it was most 
unlikely  that  all  the  iron  in  the iron-ore  should be in a ferrous condi- 
tion. Taking  the second analysis-2. Carbonate of Lead-Ore-the 
figures  added up to 99 '4, and  again  the lead was put down in  the me- 
tallic  state.  Allowing for the missing'oxygen,  which  was necessary 
to produce the carbonate of lead it would be found  that  the totalwould 
be more than 100. Some correction,  therefore, was  required  for 
these figures. The  Author  had appeared  to think  that  there was a 
connection  between rich  silver mines and  arid  and  barren countries. 
It appeared  to  him  that  they were arguing on insufficient pre- 
mises. At  all events, in  Europe one could hardly  say  that  that 
was the case. For  instance,  the forests of Kongsberg and of the 
Hartz  are a proof that  moisture is not  lacking.  Although  the 
soil was  not  remarkable for its  fertility, it could not  be said that 
the  silver mines a t  Freiberg,  Przibram and Schemnitz were in  arid 
and barren countries. It was easy  to understand  that  in  the  early 
days of a mine it was impossible to define precisely the geological 
nature of the  deposit;  but some elucidation  might  have been 
given  by  marking upon the section the  dip of the enclosing or 
surrounding rocks. It might be interesting to  note that  in Devon- 
shire we have a belt of garnet rock containing copper which  has 
been regularly mined. With reference to  the  square sets, Hague 
stated  in 1870 that  that system of timbering was  introduced on 
the Comstock lode by  Didesheimer;  the name seemed to  indicate 
that  he  was a  German, or of German  extraction.  Considering the 
security of the  system  with  regard  to  life  and limb, one hardly 
liked  to  breathe a  word against it ; but according to  the figures in  
the  Paper, and to the figures with reference to  the Comstock lode, 
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the cost was very  great indeed, and unless the space was  filled up Prof. Foster. 
with waste, there was danger of fire, especially with  the Oregon 
pine. One point in  the Paper  had  been  somewhat  slurred over, 
viz., the  injury  to  health. It was  not  said what  the  injury was, 
the word (‘ lead-poisoning ” was  not  even  mentioned.  Probably no 
mines in  the world  had  ever  given  rise to  so much  lead-poisoning 
as those at Broken Hill.  The newspaper  accounts might possibly 
have been exaggerated,  but it was stated  in 1891 that  eighty men 
were  constantly off work  from  plumbism  and that  many  had died 
from this disease. No doubt the poisoning  was  caused partly  by 
the inhalation of dust  and  partly  by  the men eating  their food 
with  their hands covered with lead-ore, or, as  had been suggested, 
by smoking tobacco which had been  rolled in  the leady  palm of the 
hand before i t  was put  into  the pipe. He was glad  to find that 
the use of the  spray  had been  introduced  to  keep the  dust down. 
With  regard  to  ventilation, it had  been  said that carbonic 
anhydride was  present, but it was  not stated  definitely  whether  it, 
was  given off naturally from the lode  itself,  though probably that 
was the meaning of the Authors.  Although  he had offered these 
criticisms,  he  wished it to  be understood that he  was fully aware 
that it was far easier to  pick  a  few  holes in  a  Paper  than to write 
one;  he  had  derived  a  great deal of information  from it, and was 
delighted to  think  that it would be published. 

that  the Broken Hill lode had been filled by  a  hot  spring. He 
might  mention that some years  ago Mr. Jack,  the Government 
geologist in  Queensland,  had  ascribed this  origin t o  the Mount 
Morgan  deposit. It appeared to  him (Mr. Cox) that  there was a 
tendency to follow in the  lines of any new  suggestion of that sort 
without considering  where it led. I n  the  present case he could 
not see any reason  for  supposing that hot-spring  action  could  have 
anything  to do with it. He imagined that  all engineers  and 
geologists  would  admit that hot  water  was  very  likely the original 
source of the  mineral ; but  a  spring seemed to imply  that  the lode 
was  filled at  the surface, that a  spring issued at  the surface,  and 
that  the deposit  was one that was formed at  the surface. That 
he  did  not believe any mining  engineer would admit  in  the case of 
the Broken Hill mine. The  Paper was one of great  interest  to 
all  mining engineers, as  giving  a  full description of the way in 
which  the mine  had been opened out  and  worked,  and also as point- 
ing out the difficulties that had  been  encountered. But it appeared 
to  him  that  the Broken Hill  district,  and  the Broken Hill Pro- 
prietary Mine in particular,  had had comparatively  few  difficulties 

Mr. S. HERBERT Cox said that  the theory  had  been  propounded &fr. COX. 
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Brr. Cox. to contend with,  and  that  although  such a small amount of money 
was called up at  first-2,18,000 being  the  total subscribed to  equip 
the mine-there had been a very  large sum expended on the works 
of the mine,  namely, 2,471,000. One was  led to  the conclusion 
that  there  had been some mistakes made at  the Broken Hill,  as  at 
other places, and  that,  had it not been for the exceptional  richness 
and character of the mine, possibly even with  the  very  skilled 
management  that  had been  engaged, and the  large salaries that 
were  paid, the mistakes which were  made might  have  led to the 
collapse of the mine. The  Paper  stated  that  the concentration 
works had been tried and not been  found successful. Fortunately 
for the  Proprietary Mine, it appeared that  the  British Company 
had  spent most of the money on those experiments. The  leaching 
works had been more or less successful at  the  outset,  but when the 
whole plant  was erected it had not been so successful as it was 
supposed to be a t  first. Other expensive experiments  had been 
made, the cost of which no mine  but  the  Broken  Hill could pos- 
sibly  have withstood. He  did  not  call  attention to  those things 
in  a carping  spirit,  but  simply  in order to  point  out  that  very o€ten 
it was a good mine  which made a good manager, and that a mine 
of that  sort would stand a great  many  mistakes  that  other mines 
would not. From the  start of the mine everything  that  had been 
erected  had, he believed, been of the most substantial character. 
The  electric  lighting  plant  he  did  not  think  was an exception. 
In regard to the cost of the machinery, for example, he understood 
that  in Block 11 the  winding  plant  had cost something  like 2,6,000, 
and the  winding  was only  something  over 200 feet at  that place. 
A subject of that  sort  led  them to a consideration of what 
difficulties had to  be contended with  in mines  that  had  not 
the same character  as  the  Broken. Hill, and he  thought  they 
might all draw  very  instructive lessons on that  subject from the 
Paper. 

Brough. Mr. B. H. BROUGH said  that  the subject of the geological occur- 
rence of the  Broken Hill deposit was one of considerable im- 
portance  in  view of the  future productiveness of the mine. The 
Authors  had  not  attempted to  form any definite conclusion on the 
subject, and  they seemed to  be very  doubtful  whether  the deposit 
was a fissure vein  or not. The  recent  investigations  by  the Go- 
vernment geologists, Nr. E. F. Pittman, and Mr. J. B. Jacquet,' 
two  distinguished Associates of the Royal School of Mines, ap- 
peared to prove that  the Broken Hill deposit was  what  the  late 

1 Sydney morning ITernld, 11 October, 1892. 
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Mr. John  Arthur  Fhillips called  a '' segregated " vein,  which Mr. Erough. 
differed from an ordinary  fissure  vein in  the fact  that,  instead 
of occupying  a  fissure cutting across the  bedding planes of the 
surrounding rock, it was  deposited in a fissure formed  between 
and  parallel  to  the  strata.  The saddle  reefs of Victoria, to which 
the Broken Hill deposit  had  been compared, differed from ordinary 
segregated  veins in  occupying  fissures  which, owing to  the con- 
tortions of the  strata,  had assumed the shape of an inverted  trough 
or saddle,  instead of lying  in one plane.  Should that analogy  to 
the Bendigo  deposits  hold,  eventually the eastern  and  western  legs 
of the Broken Hill deposit might be expected to  thin out. But 
there was a possibility that other  similarly shaped  deposits would 
be met  vertically below the one that was  now  being  worked. 

that had been worked  was one of a  series of saddle-backs,  perhaps 
a  statement  could be made whether  the ore met  with  in Kelly's 
shaft,  which  must  have  gone  down  vertically  through  the " horse " 
and cut  another deposit of ore, was  similar to  the oxidized ores 
met with  in  the  upper  portion of the  part  that had  been  worked, 
or whether the sulphide  ores  had  been  encountered  there. It 
appeared that  mining operations  had not  extended  very  far  into 
that second deposit, but one would like  to know if  any idea  had 
been  formed  whether it really  split  up  into two  veins, as  the 
other deposits  had  done. With regard  to  the  sulphide ores, there 
could be no doubt that  they could be treated ; the  only question 
was as  to  the cost of treatment,  and  whether the ores giving 
the analytical  results  shown in  the Paper  would  bear the cost 
necessary to  separate ores containing that  amount of lead and zinc 
as sulphides. 

considering the geological  features  both highly  important  and 
interesting.  He was also of opinion that  the value of the 
excellent  sections  and  plans  furnished in  the Paper  would  have 
been very much  enhanced had they included some indication 
of the  dip and  strike of the count,ry. But,  in  spite of this 
deficiency, he  gathered that  the  strike of the  country was 
generally  in a northwestern direction and  the  dip also  north- 
westerly ; whereas the  general  direction of the lode  was  north-east 
and it dipped  westerly. There therefore  appeared to be a lack 
of conformity in these  respects,  which  would  preclude this deposit 
from be& regarded  as a saddle reef similar to  those  occurring in 

Mr. B. KITTO said that as to  the question  whether the deposit >fr. Iiitto. 

Mr. D. A. LOUIS said  he  agreed with some previous  speakers in  Mr. Louis. 

1 a A Treatise on Ore-Deposits." London, 1884, p. 89. 
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JJr. Louis. the Bendigo district, where, as it is  well  known,  the ore deposits 
conformed, with  great  regularity, to the  strike  and  multitudinous 
foldings of the beds of slate  and sandstone  between which  they 
mostly occurred. Moreover, judging from the information now 
supplied,  there were other  points of difference. Mr. Kitto  had 
asked whether  the condition of sulphide ore being found a t  a 
lower depth  than  the carbonate  ore might  be  an  indication of the 
tapping of a new saddle ; that, however, was not  necessarily the 
case, for in  the  Leadville silver-lead  deposits, where  there was no 
question of saddle reefs, the same characters obtained ; that was, 
where  there  had been  exposure to  the action of waters  draining 
from the surface, carbonates  and  many of the  other products 
mentioned in  the  Paper  were encountered, whilst  in lower 
portions of the same deposit, if such waters  had not had access, 
undecomposed sulphides were generally met with;   in fact, the 
carbonate and sulphide ores gradually merged into one another. 
That would therefore  not  appear to  be any  indication of saddle 
reefs,  since one might find carbonate or  sulphide ore in  any lode 
according as  to  whether  active  water  had  got down or not. The 
net-work of dykes, the  lenticular patches of quartz,  the crumbled 
character of the  country among other  points  alluded to in  the 
Paper, would support  the view that  the deposit owed its  origin  to 
the replacement of a fissured and shattered  country;  and  had 
partially  undergone secondary  changes. He  had noticed in some 
mines in  America where  square  set  timbering was employed, that 
square ended timbers were used for  the  longitudinal members ; a 
practice which  obviated  the  trouble of notching  these  timbers and 
also gave a stronger appearance to  the  sets  than  that  exhibited  by 
those now illustrated. It was customary in the Anaconda mine 
to  mine  into  the  country,  at  intervals, on upper floors and use the 
rock so obtained  for filling  in.  He asked if it were not possible 
that dry rot  might not, to some extent,  be  an  active  agent  in 
expediting  the collapse of timbers  in  the Broken Hill mines ? 
With  regard  to  the  dressing operations, the same system had been 
successfully  adopted in a t  least  two localities-at the  Lake 
Superior copper mines and a t  Anaconda-where ores of compara- 
tively simple composition had  to be dealt  with,  and where 
practically it was  merely necessary to  separate one valuable 
mineral of high specific gravity from worthless material of low 
specific gravity.  The Broken Hill ore, on the  other hand,  was 
remarkably complex and demanded the separation of various 
valuable materials, differing, but comparatively slightly,  in specific 
gravity, as well  as  the elimination of the  lighter worthless matter ; 
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for this purpose the system described in  the  Paper was quite Mr. Louis. 
unsuitable,  and it seemed surprising  that some other system had 
not been adopted, such as a roller-crushing scheme combined with 
either  the  English system in  which screen sizing was practically 
dispensed with,  the concentration being effected in  roughing  and 
finishing  jigs, .or the German  system, with elaborate  system of 
sizing  and  jigging  arrangements. 

those who had carried  on smelting operations a t  a place like 
Broken Hill,  where coke cost 449. per ton, and  where i t  was so 
difficult to obtain coke of good quality.  They were very  fortunate, 
however, in  having fluxes near  them  and  in  having ores to 
treat  rich  in  silver. It was  to  be hoped that  they would find 
some really satisfactory way of treating  the complex sulphide  by 
means of the  blast furnace, a method that would be possible if 
the zinc  were  separated  first ; for, as several  speakers  had remarked, 
i t  was the presence of the zinc in  the ore that gave so much  trouble. 
If only the zinc or the lead were absent from the complex sulphide, 
the problem wonld be quite easy. The co-existence of those  two 
metals  with  the silica gave rise  to  conflicting  requirements. I n  
the refinery, the zinc  method of separation  that was in use 
would be more suitable  than  any  other, if only on  account of the 
degree of richness in silrrer of the lead. I t  might not  be generally 
known  that  the zinc could be to  a great  extent or even entirely 
replaced by  aluminium, which  was rapidly becoming cheaper, 
and  which formed a number of a,lloys with  the precious metals 
more or less insoluble with lead. There was an alloy formed with 
gold that was quite insoluble in lead, separating  readily from i t  ; 
and  to a less extent  that was true of the alloys of aluminium 
and  silver. 

refractory ores, the sulphides. It had been already mentioned 
that  the difficulty was the presence of zinc, but  that  was not 
everything.  That was no doubt  the  main difficulty, but  if  the 
zinc occurred with  the lead in  large  crystals,  the  separation 
mechanically would be no difficulty a t  all. I f  a piece of t,he 
sulphide  ore was closely examined, taking a  clean new  fracture, 
i t  appeared like a single mineral, but when  pulverized and closely 
investigated  under  the microscope it was  found  to be made up of 
very  minute  crystals of galena  and blende. With a little practice 
one could easily  discriminate between the two. Indeed, even with 
material passed through  the 200-mesh, one could see clearly 
which wm blende and  which was mlena. Of course a great 

Mr. JENKINS said  that  they could not but feel sympathy  with &h. JellkinS. 

Mr. T. CLARKSOK wished to say a few words with  regard to  those Mr. Clarksm. 
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Mr. Clarkson. many of the  particles were  found to be partly one and  partly 
the  other.  That  was one of the chief difficulties, that it was 
absolutely necessary to  crush  the ore very fine before any mechanical 
separation could be effected. That caused a large  quantity of 
practically  untreatable  slime  to be produced. Another difficulty 
was  the mode of occurrence of silver  in  the ore. The  silver  did 
not occur entirely  with  the lead. Dr. Schnabel  had  stated  that 
sometimes the  zinc  carried a t  least 70 per  cent. of the  silver 
contents of the ore. He (Mr. Clarkson) had made a number of 
tests  with  British Broken Hill  sulphides  and  had managed to 
determine  the  ratio between the  silver  contents of galena and 
blende, and  had  even  got so far  as  an  equation  by  which,  knowing 
the  assay of lead and zinc, they could with  fair accuracy  compute 
the  silver assay. The  ratio  was  about 10 to 1. Fortunately  the 
lead carried  the bulk, but,  in  the case of sulphide from the  Central 
Broken Hill Mine, the  ratio  was 2 or 3 to 1 in  the same  direction, 
but it was  not so definite. The  sulphide from the  Proprietary 
Mine gave  abont 50 per  cent., or about as much silver  with  the 
lead as with  the zinc, so that it was really impossible to effect 
in   that  case a  concentration of the silver. The  only  thing  that 
could be done by mechanical concentration  was to eliminate  the 
gangue, of which  there  was  usually less than 15 per cent. It 
would greatly  facilitate  the solution of the problem if  there were 
a good cheap  method of treating  argmtiferous blende. At  the 
present  time  there  did  not  appear t o  be one. The zinc  smelters 
did not  care to  pay for silver;  they lost so much of it.  Seeing 
that so much of the  silver occurred with  the blende it was 
absolutely necessary t o  find some process that would deal  with it 
before they could  expect  much in  the  way of getting  out of the 
difficulty. One very  interesting  feature  arising from the  tests 
might be  mentioned. It was  necessary  to  assay many of the 
samples. A good man would probably get  through  six samples 
for lead  and  zinc i n  a day,  but  they  wanted  to make several 
hundreds of assays, and  to  get a rapid  determination of the lead 
and  zinc contents. They found they could do that  with accuracy 
by  making a little brass cylinder a few inches  long  and  about 
13 inches in diameter; by  weighing  it  and  putting  in pulverized 
mineral,  and  shaking i t  down and  weighing it time  after  time, 
introducing a fresh  quantity  until  they got practically a constant 
weight. I n  doing  that  they of course required first to  standardize 
the  arrangement  by  actual assays. After  that  had been done 
they could determine in  two  minutes, to within 3 per cent.,  the 
lead and zinc. It was not found to hold good in  sulphides from 
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different  parts of the lode, each one having first to be  standardized. Mr. Clarkson. 
One point was worthy of notice, that  the size of the  particles 
was  not  an  important matter. I f  thcy took coarse particles, passing 
only  through a 30-mesh and  containing 5 or 6 per cent. of zinc, 
and sulphides  passing through 100- or 120-mesh of the same com- 
position, the  weight of the same bulk  in  the  cylinder  was practi- 
cally identical. This was rather  surprising,  but probably the 
explanation was that  although  in  the coarser material  there were 
larger  interstitial spaces there were of course fewer of them. 
The  Authors  had mentioned a difficulty in  the  sampling of the 
ore. A sampler which he had used, and which  gave very good 
results, might, he thought, be used on  a larger scale. There 
was a hopper  mounted on a vertical  spindle  running on  a foot- 
step. There was a conical valve at  the bottom, so that 
as the  material was sent  in, it was delivered in  an  annular 
stream. Inserted  into  the  stream  there was on each side  a narrow 
spout or shoot cutting  through  the  ring of stuff, and  taking  out 
a certain percentage which  was deposited in boxes. The  bulk of 
the stuff went down  a central pipe and  ran  away  into bags. 
The hopper  was rotating, and the  narrow  little shoots could take 
away  any percentage  required. The appliance could be set  to 
5 or 10 per  cent., and seemed to give a very uniform result. 
What it really  did was  to take a  series of skeleton corkscrews 
right  through  the whole contents of the  hopper; he had not 
found any discrepancy at  all  in  sampling  in  that way. Another 
difficulty in  speaking of sulphides was their  friable  character;  the 
galena was, of course, the most friable of the minerals, next 
came the blende, then  the quartz, and  lastly  the garnets. The 
sulphides contained a great  many garnets. He noticed one day 
a very peculiar  circumstance in  crushing some of the stuff. After 
passing through a  breaker and a pair of coarsely-set rolls, all the 
material  that would pass a 60-mesh was sifted  out,  and was found 
to be  mostly galena. As they proceeded they got  mostly  blende, 
and finally the  material  remaining on the sieve  was almost clean 
garnek  He did not think  that would give  any solution of .the 
main difficulty. I t  was not of course accurate;  there was no 
definite line of demarcLttion, but it might be  useful in combination 
with  other processes. He was  inclined to  think  that  the real 
solution of the sulphide problem would be the combination of 
several processes, not one in  particular. 

visiting  the mine, and owing to the courtesy of the  manager  and 
Mr. Howell, had the privilege of going over the works. He had 

Mr. JOSEPH GARLAKD had, a few  months ago, an  opportunity of Mr. Garland. 

31 2 
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Mr. Garland. inspected the  smelting, amalgamation and  leaching works, and 
also the  electric-lighting  installation,  and  he  had gone under- 
ground  to see the  mining operations. What  had  struck him most 
of all  underground were the enormous masses of mixed sulphides 
lying unutilized. At  an  adjoining mine, large  quantities of the 
broken ore were stowed away  behind  the timbers, as " deads " 
might be seen in  a Cornish mine. He expressed to the  agent  his 
surprise  at  the ore being  thrown away, and  he replied that  the 
time would come when  the ores would be turned to account; 
but  at present they could not utilize them. He wished to ask 
what  the  Authors  meant  when  they  stated  that whereas they 
used to  sink  shafts  without regard  to the  hanging-  or foot-wall 
side of the lode, they now made i t  a practice  to sink  the  shaft on 
the foot-wall side. There  might, of course, be  some special reason 
for sinking on that side rather  than on the  hanging-wall  side as 
was  the usual practice ; but  assuming  that  the  shafts were 
vertical, i t  was not obvious, without some explanation, why  they 
should  be sunk on the foot-wall side, seeing that  the deeper they 
went  the  further  they would be from the lode, and  the longer time 
i t  would take  to reach it. 

Mr. Eoyd. Mr. R. N. BOYD wished to say a  few words on the method of 
timbering  the mine, which appeared only possible methods when 
timbering  such a large mass of apparently movable ore. The 
Authors  had  stated  that  they found it advisable to work from the 
hanging-wall down  towards the foot-wall. They were quite  right, 
because if they worked  from the foot-wall with such an immense 
amount of ore, they would have  falls  (and so they said they  had) 
which would prevent  the work  progressing very €ar. He  had seen 
that  kind of timbering on a  smaller scale in Germany. I t  was, in 
his opinion, the  only  kind of timbering  available for such  a mass of 
ore. He  did  not  take  the mine in  question  to be a lode; i t  was 
an  irregular mass of ore, such as they found in America and  other 
places, which sometimes bulged  out, and was sometimes very  thin, 
and sometimes very difficult to work. No doubt  that  timbering  was 
expensive,  'but i t  was  the only effectual way of working. I t  was 
a  question whether i t  was worth  while  to spend money on the 
timbering  to  get  the ore out,  or leave i t  where i t  was.  TVith 
regard  to  the  sulphide ores, which  the  Authors  stated were  found 
about  the water-level, that was usually  the case in  nearly  all 
mines. They  obtained oxides of different sorts, whatever  the 
metal  might be above water-level, and  the  present case was no 
exception  to the  rule.  There  was one peculiarity  worth men- 
tioning, viz., that  the  kaolin contained more silver  than  any  other 
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species of ore raised. That was, no doubt, owing  to  the decom- Mr. Boyd. 
position of the  country,  which  apparently  carried more silver 
than  the ore itself-so i t  appeared  from the analysis. I t  appeared 
to him to be rather a strange fact,  which he could not  explain. 

Broken Hill mine from a very  early  stage of its  history,  but he 
would refrain from touching on the  tempting subject of its discovery 
and  early working. The  Paper was  a very able account of the mine, 
its  mining  and  its ore treatment,  written from the inside by men who 
were thoroughly  acquainted  with  their subject. The  metallurgy of 
Broken Hill, owing to the  variety of the ores and  the various  methods 
of treatment now adopted, would afford ample scope for one Paper, 
which  might  then  contain sufficient details to afford room for 
criticism and discussion. The  mining of such large bodies of ore 
was a subject of great  interest to mining engineers, and  the  Authors 
had  dealt  with  this  part of their subject in  some detail. The  square 
set system of timbering  which  had been adopted at  the mine  was 
admirable. I t  was expensive, especially where  timber  had to  be 
brought from great distances. It must be evident also that no 
system of timbering, however perfect, could be relied upon 
permanently to hold the ground open unless closely followed up 
by solid filling. That  there  had been so few serious accidents 
entailing loss of life in  the mine, spoke well for the care with 
which  the work had been laid  out and supervised. There had, 
however, been snbsidences and  “creeps” sufficient to show the 
danger  which existed in  the absence of solid filling,  especially 
amongst the  friable carbonate of lead ores of some of the  upper 
levels. I n  consequence of this  and for other reasons, a suggestion 
had been made some eighteen  months since by Mr. W. R. Wilson, 
then  chairman of directors, that  the whole of the  upper  part of the 
lode should be removed by open cast  working. This suggestion 
met with  the  approval of Mr. Howell, and  after some controversy 
had been partially adopted, and so far  with  the most complete 
success. Although, in  order  to give  the necessary batter a great 
deal of rock had to be  broken down, the cost per  ton was  small, 
and  the discovery of detached bodies of ore, which would never 
have been found in  t.he ordinary course of mining,  had made 
the work  exceedingly profitable. Quantities of timber were 
also being recovered from the  upper slopes in  good enough 
condition  to  be used again. I t  was proposed ultimately  to  extend 
the open cast working down to  about  the 212-foot level at  Rasp’s 
&ft. Professor Jamieson had quoted Professor Sexton’s opinion 
on the occurrence of “ horses ” as proving  the Broken Hill ore body 

Mr. J. H. FAWCETT stated  that he  had been connected with  the Mr. Fawcett. 
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Mr. Fawcett. to be a true lode. The  fact was that,  although  these masses of 
country  when  first  met  with,  dividing  the lode into two portions, 
the  eastern  and  the western,  were supposed to be, and were still 
locally  known as “horses,” they  had not yet been proved to be so. 
The  latest  theory was that  the  Broken Hill lode was similar to  
the saddle  deposits at  Bendigo, and  that  the  “horse” was the 
cap of the  anticline,  and, so would be the  true foot-wall of both 
the  eastern  and  western legs. In this connection, i t  might be 
mentioned that, since the  Paper was written, carbonate ore of 
good quality  had been cut  at a depth of 210 feet in a shaft  being 
sunk east of McCulloch’s shaft.  This was 80 feet east of any 
previously  known body of ore, and,  according to latest advices, 
promised to be a valuable  addition to  the  easily  treated ores of the 
mine. The  Authors  had not  referred at  any  great  length to the 
question of the  treatment of the  sulphide ores, the reason no doubt 
being  that  at  present no  definite  system of treatment  had been 
decided upon, while  experiments were going on in  all directions. 
Mr. Howell was himself experimenting,  while Mr. Schlapp, the 
chief metallurgist of the mine, had  recently devised and erected  a 
small  plant which, he believed, promised to  deal effectively with 
the  sulphide ores, but  he  had heard no particulars  and was not 
likely  to do so while  experiments were in progress. I t  was not 
of course actually a question of the possibility or impossibility of 
treating  the ore, but of treating  it economically and profitably. 
The ores were  somewhat complex, but consisted essentially of 
galena, blende, and gangue, with  the  silver  through all .  Had  the 
silver been in  the  galena only,  concentration would have afforded 
a ready solution of the difficulty, and would have  provided a 
concentrate readily  treatable  by present  appliances at  the mine. 
As it was, all that  the best  concentration could do, was by 
separating m e  galena from the blende to  give two  products,  each 
carrying  silver  and each susceptible of easier treatment for the 
recovery of the  silver  than  the  mixture. I n  this  direction good 
results  had been obtained by  dry concentration. Some experiments 
had been made in London, where the company had  had  about 
10 tons treated  by  the Clarkson-Stanfield concentrator  which had 
made  a very good separation of galena from blende and of gangue 
from both. 

The  Authors  being  absent,  he would venture  to  reply to  some 
of the  remarks made during  the discussion. Some astonishment 
had been expressed by Dr. E. J. Ball at  the  “large  number of 
processes ” which  had been introduced for desilrerizing  the ores 
of the Broken Hill mine. Leaving  out  concentration,  which  was 
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only necessary with some  of the ores preparatory to their  further Mr. Pawcett. 
treatment,  there were but  three processes in use at  the mine- 
smelting, undoubtedly the only process for the lead ores, amalga- 
mation, and  lixiviation.  For  the  dry ores, viz., the  highly 
siliceous ores and  the  kaolin  carrying  silver chloride, chloro- 
bromide, iodide, and  native silver, smelting was of course not 
suitable,  although  large  quantities  had been smelted with  the 
lead ores and were still.  While  that was possible, owing  to  plenty 
of lead ore being available, the cost per ton of smelting  was 
thereby  greatly increased owing to the  additional  quantities of 
basic fluxes necessary. The object in  erecting  the  lixiviating 
plant was to treat these ores and the  tailings from the concen- 
trators. Since the  Paper  was  written a revolving “ Howell” 
chloridizing furnace had been experimentally added to  the  plant, 
and the  results  had been so satisfactory that  ten  additional 
furnaces had been ordered. The  actual cost for crushing, roasting, 
and leaching  had been, as  was estimated by  the Authors, about 
20s. per ton. Mr. Koehler, the  acting  metallurgist,  had  reported 
‘‘ that  the loss by volatilization  was small,  and  that an average 
extraction of from 82 to 85 per  cent. seemed assured.” The 
amalgamating  mill was now successfully a t  work on low  grade 
dry ores, and the cost w;1s not  materially abo-ve the  estimate of the 
Authors. 

A strong point  had been made by Professor Roberts-Austen of 
the  fact  that tha cost of producing silver at  this mine for the 
half-year ending 31st May, 1892, justified his  estimate of the 
average cost of producing  the world‘s supply of silver as given 
by  him before the Royal Commission. Professor Roberts-Austen’s 
opinion on this subject was  entitled to great respect, but  the  fact 
that  the cost per oz.  of producing silver from one of the  richest 
mines in  the world, paying  large dividends,  agreed with  his 
estimate of the average cost all over the world, might be held 
to  prove that  his  estimate was too low. The cost given  by  the 
Authors was based on the  then average yield of 15 per cent. lead 
and 37 ozs. silver. During  the  last  six months  a greater tonnage 
of ore had been treated  and  the  total  yield of silver  had increased, 
bu t  the  average  value of the ore treated  had been about 11 per 
cent.  lead ancl 29 02s. silver. With  regard to  the  errors  pointed 
out  by Professor Le Neve Foster  in  the analyses of the various 
ores, it was evident  that except in  the  last,  Pb should be PbO, as 
CO, is accounted for below, Fe0 should be  Fe,O,, and Zn should 
be ZnO. Other errors had also crept in, but if  these corrections 
were made the analyses did not work out SO badly, although in 
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A*L F a ~ e t t .  some cases they  did not  leave room for  much  silver.  Lead- 
poisoning a t  Broken Hill had no doubt been caused in  the  various 
ways  enumerated  by Professor Foster. Among the  friable car- 
bonate ores i t  has been inhaled, absorbed through  the  skin,  and 
taken  with food and  drink.  With  the present improved ventila- 
tion, use of compressed-air drills,  and  sprays to  keep downlthe 
dust, cases of lead-poisoning  were  now of less frequent occurrence. 
The  great  outlay of plant  and  the  probability of expensive mistakes 
having been made had been alluded to by Mr. Cox. Part1y;owing 
to  the  tenure on which  the mine  was  held,  development ,was 
pushed on rapidly and with  great  spirit  and  enterprise on jthe 
part of the directors  from the first, and i t  would be  strange  indeed 
if no  such mistakes  had been made. On the whole this bold 
policy had been justified by results, and  it was probable that  few 
undertakings on so large a scale had been so successfully conducted 
throughout. I n  reply  to Mr. Garland,  the  recently  sunk  shafts 
were on the foot-wall  side of the lode, in  order to keep the 
shafts  in sound ground  and  out of the lode, the  underlie of which 
was  very  slight. 

Mr. Jamieson. Mr. M. B. JdmEsON,  on  behalf of Mr. J. Howell  and himself, 
stated,  in  reply,  that  in  regard  to  the  very  varied  character of the 
processes of ore-reduction  mentioned by Dr. E. J. Ball, it might 
be noted  that  the  various  plants were  erected as the development 
of the mine disclosed different classes of ore in sufficient quantities. 
The works  were brought  into use in  the following  order :- 
Smelting, Concentration,  Refining,  Leaching,  Chloridizing, Roast- 
ing  and  Leaching,  and Amalgamating. If the mine had been 
thoroughly opened out before reduction operations  were started, 
i t  was quite possible that  the processes would have been fewer in  
number. 

The  electric-lighting  plant  had n‘ot been, as Professor Jamieson’s 
remarks would imply, a  costly one, neither was i t  antique, 
Although  the steam  was  obtained from five Lancashire hilers,  i4t 
must  not  be  inferred  that  the whole of these  boilers  were used for 
the  electric-light  plant alone, for these boilers were in  existence 
some years before the  property was  supplied with  electric 
light,  and  they  still afforded steam to  other portions of mine 
plant.  There were  not three  sets of countershafts, but  three 
sections, which,  when coupled, formed one countershaft. The 
great  lengths over which  the  insulated cables had to be carried 
to  supply  every  building of importance on th0 property  and each 
plat of every  shaft, rendered a considerable outlay  imperative for 
this class of material and fittings. It might be interesting, in 
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connection with Professor Roberts-Austen’s remarks on the  large Mr. Jamieson. 
dimensions of the  smelting furnaces,  to state  that  at  the  British 
mine  there were  two  furnaces a t  work (and  a  third  under con- 
struction) of considerably larger dinlensions than those at  the 
Proprietary Mine. These larger  furnaces (designed by Nr. 
Howell) had  steel  water-jackets from the  top of the  ordinary 
cast-iron jackets  up to  the feed-floor. They were 56 inches by 
132 inches, and were popularly termed 100-ton furnaces, while 
the furnaces at  the  parent company were similarly  designated 
80- ton furnaces.  These larger furnaces did excellent and 
economical work. 

In  reply to Professor Le Neve Foster,  the words in  the  Paper 
“injury to health,  direct.1~  attributed  to  working  in  the lead 
stopes,” were intended  to refer  to “ lead-poisoning.” The Govern- 
ment  recently  appointed  a Commission to consider the question, 
and  a  quantity of evidence  was taken  at Broken Hill.  The  finding 
of the Commission was generally  to  the effect :- 

“ That  leading  is an extremely common cause of illness among  workmen at  
the mines  when  working in the carbonate-of-lead  ore  stopes,  and, but  to a lesser 
degree, on the  surface  around  the  smelting-furnaces. 

“ Probably  the townspeople are  not  subject  to  leading  to  any  such  degree  as 
would leave  manifest  traces on the  death-roll,  although  the effects of lcad- 
poisoning are more  or less observable,  cspecially  among children  living  in  the 
tomn nearest the smelters. 
.‘ Animals,  such a8 cows, dogs, cats  and fowls,  seemed  to suffer from leading 

within a radius of from  one  to  two  miles of the  smelters.  There  are,  curiously 
enough, no sparrows in  the district. 

“ That  lead  gets  into  the system in  the shape of carbonate-of-lead  ore dust, 
flue  dust  and smoke  (formed in  the course of smelting)  by  way  of  the  stomach, 
lungs  and  skin ; and  that people living  in  the towu  may  suffer  from leading  by 
drinkiug  rain-water  obtained from  roofs  on  which fumcs from the  smelters hare  
settled  and  been  canied by rain  into water-tanks.” 

A majority of the Commission made nineteen recommendations 
with  the  view of rendering lead-poisoning less frequent ; but Mr. 
Howell (a member of the Commission) had  to dissent from many 
of the recommendations, chiefly on account of their impractica- 
bility.  The carbonic anhydride referred  to in reference to the 
ventilation of the mine  was  derived very  largeIy from the car- 
bonate ores. The  timber (Oregon  pine) had not, as yet, shown 
any  kinds of decay, and  it had been in  continual use for over five 
years. 

I n  reply to Mr. Garland, i t  might be stated  that, before the 
dimensions and character of the lode had been determined, shafts 
were sunk at  any convenient  point. It was soon found that  shafts 
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Mr. Jamieson. sunk  within  the lode or on the  hanging  wall were  costly to 
maintain  in good order;  and  in one or  two cases resulted in 
complete collapse. The  hanging-wall  country, for fully 200 feet 
in  depth,  was much decomposed and  rotten,  whilst  the rock on 
foot-wall  side of lode was solid and sound. I t  had  therefore been 
found, in  the  long  run, wise and economical to  sink  new  shafts, 
when possible, in  the solid foot-wall country. As to the much- 
discussed question of the  treatment of the  sulphide ores, i t  was, a t  
the  present  time, impossible to  say much. For  years past, 
numerous and  continued  tests  had been made, in order, if possible, 
to find a certain  and economical method of saving  the  valuable 
metals. That  the  operation could be  done was beyond all 
question;  but  the  all-important  factor was the cost, and  the 
lowest grade of ore which would pay expenses and leave a profit, 
however  small. Scores of men in  Australia, some with a metal- 
lurgical experience, and some without  such knowledge, had 
devised  many schemes for dealing  with  this class of ore;  but it 
must be admitted  that,  although  many of the schemes would save 
the  greater  portion of the metals, the cost of so doing would result 
more often  in a loss than  in  a profit. 

Comprehensive and carefully-conducted experiments  had for 
some time  past been carried out  at  the mine, and from these it 
was  confidently  hoped that  an economical plan of dealing  with 
the complex sulphides would  be  established. The  high price of 
labour,  fuel, and  other  requisites  prohibited  the adoption of any 
one known method a t  Broken Hill,  but  the  experiments now being 
conducted  pointed  to the  fact  that more than one process would be 
necessary to economically save the  valuable metals, and  that  in  all 
probability  the first  operation would be a mechanical separation 
(as far as possible) of the  zinc  and lead sulphides; secondly, a 
desulphurizing  and chloridizing, roasting  and  leaching of the  zinc 
product ; and, lastly, a smelting of the lead product. 

I n  conclusion, the  Authors wished to direct  attention to thk all- 
important  question of the costs of the  labour employed. It was a 
most remarkable  fact  that since the  termination of the  strike,  the 
men employed underground had  not  only earned better wages, but 
had also given to  the owners of the  property much better  value 
for the wages  paid than  during  the  reign of unionism. What  a 
man  earned now  was his  own; previously i t  was  subject to  the 
capricious and  frequently excessive taxation of the  union leaders. 
Broken  Bill  was for a time  unique  in  that no  man,  unless  he  were 
a member of a recognized union, could earn a living. Now any 
man,  unionist  or non-unionist, could, if  he proved industrious, 
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earn wages much above the average in  other localities. The Mr. Jamieson. 
system of stoping ore by  contract, or paying  by  results, was 
working  very  satisfactorily, as was proved by  the  fact  that  with 
943 men underground, 22,064 tons of ore had been  raised above 
the  quantity produced during  the  half-year  ending May, 1892, 
with 1,543 men. 

Correspondence. 
Mr. A. H. BROXLEY regretted  that  the  Authors  had  not  given Mr. Bromley. 

particulars of the  results obtained with  the  rolls adopted at  two of 
the mills. For  the  treatment of ores of the Broken Hill type, 
roller reduction presented obvious advantages over other methods. 
A judicious  system of gradual  reduction  by  breakers and rolls, 
coupled with  the removal of fines, should overcome the difficulties 
due  to  the methods of crushing,  whilst those due  to  the methods 
of classifying adopted  should  be  obviated by  sizing  the product 
over  trommels preparatory to jigging, and by  sending  the slimes 
only to the  hydraulic separators, and thence  to  buddles or  vanners. 
It seemed, however, extremely  doubtful  whether a system of 
mechanical  concentration could successfully treat  the  sulphide 
ores, on account of the  intimate association of the  constituents of 
the ore, and on account of its  friability. Reduction,  however 
carefully  carried out, would result  in  the production of 25 per 
cent. of slime. 

Mr. HENRY F. COLLINS thought  that  the Authors’ Payer was &h. H. F. 
valuable chiefly from a  mining  point of view, the  many sections 
of the ore bodies being specially interesting.  The description of 
the reduction  works  was  somewhat incomplete, the loss in slags, 
for example, not being touched upon. The furnaces  were of an 
unusual  type  in several respects, notably  in  the  fact of the  tuyeres 
extending so far  into  the  furnace  as to leave  only 18 inches space 
between those on opposite sides. The ores treated did not differ 
in  any marked  degree  from the  mixtures made up at  the  leading 
custom works of the  Western  States of America, and i t  was diffi- 
cult  to see where the necessity  arose for  such  an  innovation, or 
what  advantage was gained  by it, experiments  having proved 
that  such protrusion of the tuyeres  was  necessarily followed by a 
greater or less reduction in  the daily  furnace capacity. Speaking 
as a practical smelter  he was of opinion that  better  results would 
be attained on ores like those at  Broken Hill  by  the adoption of a 
much larger  type of furnace-say 120 inches by 3G inches at  the 
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